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ABSTRACT
The photosensitizing effect of 8-methoxypsoralen in the eyes of laboratory animals
was studied utilizing a high intensity grating monochromator as the light source. The
action spectrum for this effect was found primarily in the long ultraviolet range with
some activity demonstrated also in the mid ultraviolet. The maximum efficiency of long
ultraviolet was found between 320 and 340 nm with decreasing efficiency to 330 nm and
no effect for wavelengths longer than 380 nm.
Guinea pigs were more susceptible to photosensitizing injury with psoralen than were
rabbits and experimental data suggests that this is due to a difference in penetration of
the 8-MP into the eye.
When guinea pigs were given doses of 8-MP comparable to therapeutic doses in man
no eye injury was detected.
Injury resulting from sensitivity to light is
a danger shared by the eye and the skin. Both
organs may suffer damage from overexposure
to ultraviolet because of their natural sensi-
tivity to this form of energy. Exogenous photo-
sensitizers may also increase the sensitivity of
both the skin and eye to light.
S-methoxypsoralen (8-MP) is a well known
photosensitizer widely used because of its photo-
toxic effect on the skin. Photosensitization of
the eye is not a recognized complication of
its use in man.
Eye injury has occurred either clinically or
experimentally under circumstances suggesting
photosensitization, for example with porphy-
rins (1, 2), thioridizine (3), chlorpromazine
(4), eosin (5), and the psoralens (6, 7, 8).
Photosensitization of the eye by 8-MP has
been demonstrated experimentally by Cloud
who described inflammatory changes in the
cornea, anterior chamber, iris and lens of
guinea pigs. More prolonged exposure of mice
resulted in cataracts (7). In rabbits, photo-
sensitization was difficult to induce. The ease
with which this 8-MP effect could be produced
in animals and the potential importance of
this phenomenon in man prompted this study
of the 8-MP effect on the eye. The study in-
cludes delineation of the action spectrum,
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demonstration of species differences, and ob-
servation of the long-term effect of adminis-
tration of S-MP in doses in the therapeutic
range.
MATERIALS AND METHODS
Action Spectrum for Eye Injury Resulting
from 8-MP and Ultraviolet
In order to determine an action spectrum,
guinea pigs were given a constant dose by weight
of 8-MP (88 mg/kg body weight). One hour later
their eyes were exposed to the emission from a
high intensity xenon arc grating monochromator.
The monochromator is a specially designed dif-
fraction grating monochromator with an emission
adjustable throughout the ultraviolet and visible
range (11). The emitted beam has a half-power
bandwidth of 5 nm and an intensity through most
of the ultraviolet and visible range of approxi-
mately twice that of sunlight at the earth's sur-
face assuming no atmospheric attenuation. A
Barnes thermopile and strip chart recorder pro-
vided means for measuring the output of the
monochromator and durations of the exposures as
previously described (11).
The animals were observed for evidence of eye
injury for 72 hours after irradiation. The results
were recorded as either positive or negative on the
basis of gross examination for corneal injury,
clouding of the anterior chamber, conjunctival
hyperemia, or other visible evidence of injury.
This evaluation of the severity of injury is
primarily based on corneal stromal edema and
clouding of the anterior chamber. These changes
predominated the reaction and obscured precise ob-
servation of the pupil, iris, lens, or retina. On this
basis a series of eyes were irradiated at different
wavelengths and at different energy levels as illus-
trated in Figure 1. The endpoint chosen was the
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ultraviolet energy level with which injury was
produced in 50% of the eyes tested (I.D.0). The
determination of I.D.50 was based on at least two
determinations for each wavelength at the appro-
priate energy levels with as many as 25 endpoint
determinations for some specific energy levels. A
total of 386 eyes were tested in determining the
ID.50 for the wavelengths between 300 and 400 nm.
The results of these tests are shown in Figure 1
and the derived ID.50 energy levels are tabulated
in Table I.
In order to determine an action spectrum from
these energy values it is customary to accept the
reciprocal of the energy values as an indication of
relative effectiveness in producing an effect. These
reciprocal values are shown in Figure 2.
For comparison, ultraviolet exposure was given
without 8-MP at wavelengths of 300, 320, and 340
nm. The amount of light given each of two eyes
was equal to the I.D.eo for that wavelength with
8-MP, i.e., 75 mj/cm2 at 300 nm, 175 mj/cm2 at
320 nm, and 200 mj/cm2 at 340 nm. In addition,
ten times this amount of energy was given two
eyes each at 320 and 340 nm. Previous work in
mice, rats and guinea pigs indicate the harmless-
ness of long ultraviolet wavelengths in non-photo-
sensitized animals (6, 7, 8, 12).
Species Differences in Response to 8-MP
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IN GUINEA PIGS GIVEN 8-MOP
$000
7000 EIINJURY
NO INJURY
1600
1400
000
$00
Wavelength IDe (mj/cm)
300 75
310 225
320 175
330 200
340 200
350 275
360 500
370 950
380 3000
390 7000
species—400 mj/cm2. This is twice the threshold
amount of energy required to damage sensitized
guinea pig eyes readily at 330 nm. The light
source was the high intensity grating mono-
chromator previously described. The wavelength
was 330 nm and the half-power bandwidth was
5 nm. Increasing doses of 8-MP were given to a
series of animals of each species beginning with
12.3 mg/kg body weight. The dose was progres-
sively increased until a threshold injury was ob-
served. The drug was given intraperitoneally one
hour before the irradiation. Final observations as
to the presence or absence of injury were made at
72 hours.
In order to measure any difference in penetra-
tion of the 8-MP into the eyes of guinea pigs and
rabbits, a simple microbiologic assay technic to
determine the presence of psoralen in eyes was
adapted from the method of Daniels (13) and the
modification of Becker (14). Portions of eye tissue
• from photosensitized guinea pigs and rabbits were
applied to the surface of Sabouraud's agar plates
• freshly streaked with a uniform heavy inoculum
of a standard culture of Candida albicans obtained
• from the Microbiology Laboratory of the De-
• partment of Dermatology. The plates were incu-
bated for 24 hours at room temperature beneath
a broad spectrum ultraviolet lamp (a bank of four
Westinghouse FS 40 T12 sunlamps with a window
glass filter). Both single drops of homogenized
tissue and particulate fragments (approximately
5 mm cubes) were tested for presence of drug in
the cornea, lens, retina, choroid, ciliary body, and
iris, as were single drops of aqueous humor and
vitreous humor.
Chronic Photosensitization of Guinea
Pigs with 8-MP
TABLE I
Energy required to produce injury in
one-half of eyes tested
To examine the species difference in response to
8-MP we selected adult albino guinea pigs and rab-
bits. We gave a constant amount of energy to both
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Two groups of ten albino guinea pigs each were
used. One group received injections intraperito-
neally of 0.5 mg/kg body weight of 8-MP daily,
five days per week. The other group received no
drug. Both were exposed to the long ultraviolet
emission from a bank of four black light fluores-
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cent lamps (Sylvania F40 BLB) for an average
of ten hours a day, seven days per week for 13
months. The animals were kept at a distance of
approximately 10 inches from the light source.
During the 13-month period of investigation, peri-
odic gross, ophthalmoscopic, and slit-lamp exam-
inations were carried out and at the end of 13
months all surviving animals were sacrificed and
their eyes removed, fixed in 10% formalin, and
processed for histologic examination.
RESULTS
Action Spectrum for Eye Injury Resulting
from 8-MP and Ultraviolet
Injury observed in irradiated eyes included
corneal stromal edema, clouding of the anterior
chamber, and conjunctival hyperemia. Histo-
logically, there was ulceration of corneal epi-
thelium, corneal thickening, stromal edema,
and aggregations of neutrophilic leucocytes be-
neath the ulceration. The endothelium often
was damaged or absent in the center of the
cornea, fibrinous strands and leucocytes were
present in the anterior chamber. The iris was
hyperemic. The anterior lens epithelium was in
disarray. These findings were indentical with
previous detailed descriptions of the psoralen
effect (6,7,8).
A determination of the energy required to
produce eye injury in guinea pigs photosensi-
tized with 8-MP revealed broadening of the
action spectrum for ultraviolet injury. Nor-
mally harmless long ultraviolet wavelengths
were rendered injurious and the relative effec-
tiveness of these wavelengths in producing in-
jury is indicated by the data presented in Fig-
ures 1 and 2 and Table I. Eye injury was most
easily produced at 300 nm; however, at this
wavelength very little light penetrates beyond
the cornea. Thus the injury observed at this
wavelength was primarily corneal damage and
similar changes were observed in eyes irradiated
without psoralen. Thus this injury is probably
equivalent to "snow blindness" and is not the
unique 8-MP effect observed in the cornea, an-
terior chamber, iris and lens. In the long ultra-
violet spectrum, light of 310, 320, 330 and
340 nm wavelengths were approximately
equally effective in producing eye injury in
sensitized guinea pigs. With wavelengths longer
than 340 nm there was a progressive decrease
in efficiency to 380 urn. At 390 nm large doses
of energy (7,231 mj/cm2) failed to elicit a
visible change.
In control studies, eyes of guinea pigs not
given 8-MP were exposed to ten times the
I.D., dose of ultraviolet of 320 and 340 urn
wavelength without effect.
This study demonstrates the relative effec-
tiveness with which the different wavelengths
in the long ultraviolet band can injure eyes of
Action Spectrum for Eye Injury in Guinea Pigs
Given 8-MOP
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sensitized guinea pigs. The peak of activity in
the long ultraviolet was found at about 330 nm
with a decline at longer wavelengths. This find-
ing correlates reasonably well with the absorp-
tion spectrum of 8-MP (15).
Species Differences in Response to 8-MP
When the response of two species to 8-MP
was compared, a dramatic difference was ob-
served. The threshold dose of 8-MP required
to produce injury in the guinea pig eye was in
the range of 25 mg/kg body weight. In the
rabbit a dose of 200 mg/kg body weight was
required before injury was observed (Table
II).
When eye tissues from photosensitized ani-
mals were compared by the microbiologic
technic, consistent results were obtained using
particulate tissue fragments as well as homoge-
nized tissue. Experiments using tissue frag-
ments were much easier to perform. The results
obtained with all parts of the eye varied only
slightly and may actually have manifested
primarily the 8-MP content of the liquid in-
tercellular phase of the tissue. A striking
species difference was again noted in that a
dosage of 8-MP of only 15 mg/kg body weight
resulted in threshold inhibition of Candida
albicans in guinea pigs. With rabbits, a dose
of 275 mg/kg body weight was required, sug-
gesting that the 8-MP penetrates into the rab-
bit eye much less readily than into the guinea
pig eye.
Chronic Photosensitization of Guinea
Pigs with 8-MP
This long-term study in which guinea pigs
were given 8-MP in a dosage on a weight basis
comparable to the doses of 8-MP currently
used therapeutically in man revealed no gross,
ophthalmoscopic, slit lamp, or histologic man-
ifestation of ocular injury.
TABLE II
Species difference in ocular effect of 8-MP
8-MP requirement for threshold in
mg/kg body weight
In aivo eye Yeast inhibition
in3ury by eye tissues
DISCUSSION
Some of the conditions influencing the photo-
sensitization of eyes of laboratory animals by
8-MP have been studied. Ocular injury can be
reproduced readily in laboratory animals by
use of appropriate doses of drug and ultra-
violet light of the proper wavelength. This
confirms the previous work demonstrating ocu-
lar injury with 8-MP and long ultraviolet light
(6, 7). This type of injury is unique in that
the anatomic distribution of the injury corre-
sponds to the extent of penetration of long
ultraviolet wavelengths in ocular structures
(16). Thus the injury is limited to the cornea,
anterior chamber, iris and anterior lens, i.e.,
anatomic sites of long ultraviolet absorption.
This, again, conforms to the Grotthus-Draper
principle that electromagnetic energy must be
absorbed to have an effect. Using other photo-
sensitizers, for example hematoporphyrin, the
posterior segment of the eye can be injured by
wavelengths penetrating to that depth (2).
The frequency with which this type of injury
occurs in man is still unanswered. Eye damage
reported with the use of several photosensitiz-
ing drugs suggests it may be more common
than presently recognized.
A determination of the action spectrum for
the psoralen effect indicates the most efficient
wavelengths in the long ultraviolet band to be
in the range of 320 to 340 nm. This correlates
with the absorption spectrum for 8-MP and
with action spectra determined for guinea pig
skin and for a microbiologic technic utilizing
growth inhibition of Candida albicans (17).
While these long ultraviolet wavelengths may
not be as effective as mid ultraviolet wave-
lengths in producing injury to the eye they do
indicate sensitiz,ation to wavelengths that are
extremely abundant in sunlight and in many
other artificial light sources (e.g., fluorescent
lamps).
Whereas photosensitivity was readily induced
in eyes of guinea pigs by giving S-MP, we, ini-
tially, were unable to injure rabbit eyes using
drug dosages and energy levels comparable to
that effective in guinea pigs. This is in striking
contrast to the usual skin response to ultra-
violet light observed in these two species. We
15 have found that rabbit skin is approximately
275 twice as sensitive as guinea pig skin to ordinary
mid ultraviolet erythemagenic radiation. Cloud
Guinea pig
Rabbit
25
200
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also had difficulty in producing eye lesions in
rabbits although he was able to produce injury
to the eye and produce cataracts in guinea pigs
and in mice (6, 7). Becker (14) was not able
to detect 8-MP in the eyes of rabbits or dogs.
Of more importance, experience using 8-MP in
humans has not revealed eye complications.
There may similarly be a species difference be-
tween man and some laboratory animals.
The differences observed in this comparative
study of the species may result from the degree
of penetration of the drug into the eye since an
in vitro microbiologic assay of ocular tissues
for photosensitizing effect revealed a tenfold or
greater difference in response between guinea
pigs and rabbits. With the use of psoralen and
other photosensitizing drugs in man it would be
pertinent to know the extent of penetration of
the drug into the eye. We do not know of an
instance of ocular injury in man associated
with the use of 8-MP although this drug has
been used rather widely as a suntan pill and as
a treatment for pigmentary disorders of the
skin. The pharmacodynamics of the aqueous
blood barrier may be such that injury would
be unlikely to occur in man. However, the lack
of observed injury in man could also merely be
related to dose. We could not demonstrate an
effect in guinea pigs, a sensitive species, with
prolonged use of S-MP in doses comparable by
weight to the currently used therepeutic doses
in man.
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